The effects of the environment on adhesive bonded single lap joints formed using XMC-3 and SMC-R50 composites were investigated. Tests were performed at temperatures of 23C and 93C with test coupons immersed in air, water, and 5% NaClwater mixture. The weight changes of both bonded joints (XMC-3 to SMC-R50 and SMC-R50 to SMC-R50) and unbonded materials were measured. Data were also obtained showing the effects of moisture, temperature, and applied load on changes in weight, on creep deformation, lap shear strength, and separation modes of the joints.
INTRODUCTION THE USE OF LIGHTWEIGHT FIBER REINFORCED PLASTICS (FRP)
reported data on the lap shear strength, lap shear modulus, and fatigue strength of single lap joints exposed to automotive-related fluids. In the present investigation further data were generated shedding light on the environmental response of adhesive bonded single lap joints. Specifically, data were obtained on a) the moisture absorption characteristics of unbonded materials and single lap joints immersed in different fluids, b) the creep behavior of such joints under environmental exposure, and c) the changes in lap shear strength due to the combined effects of load, moisture, and temperature. Tests were performed with XMC-3 bonded to SMC-R50 and with SMC-R50 bonded to SMC-R50. Brief descriptions of these materials are given in Table 1 . The adhesive is specified in the next section. The following parameters were measured during the tests: a) weight change as a function of time, b) creep deformation as a function of time, and c) residual lap shear strength. The measurements were performed with test coupons (specimens) exposed to air, water, and 5 % NaCI-water mixture at 23C and 93C. The experimental procedures are described in the next section.
EXPERIMENTAL
Two types of adhesive bonded coupons were used in the tests, the differences in the coupons being only in their dimensions ( Figure 1 ). The At 93C (immersion in water) the maximum moisture levels were not approached asymptotically (Figures 4,5) . Here the weight increased for about the first 100 hours, and then decreased at a rapid rate. After 20 to 30 days the weight of the coupons became actually less than the dry weight. This indicates that the material deteriorated and resin was lost during the exposure. Similar behavior has been observed previously with different types of SMC materials [2, 3] . The fact that both the bonded and unbonded coupons behaved similarly at 93C suggests that the degradation was mostly in the material (XMC-3 and SMC-R50) and was not caused by the adhesive.
The rate of weight change depends on the thickness of the material. Although the thicknesses of unbonded XMC-3 and SMC-R50 materials were slightly different, the data in Figure 2 indicate that, under the same conditions, moisture was gained by both materials at nearly the same rates. This observation, and the fact that the maximum moisture levels were also the same, implies that the moisture transport characteristics of unbonded XMC-3 and SMC-R50 materials are similar.
The bonded coupons were thicker than the unbonded ones. Therefore, the weight changes in Figures 2 and 3 can not be compared directly. [4] . Figures 6-10 illustrate the effects of material, fluid, temperature, and applied load on the creep behavior. The type of adherends used in forming the bonded joints (XMC-3 to SMC-R50 or SMC-R50 to SMC-R50) did not have a significant influence on the creep. The type of fluid, the temperature, and the applied load strongly affected the creep. The creep was lowest in air, and was higher in water and in salt water. The creep also increased with temperature and with applied load. At 23C none of the joints separated in any of the fluids. At 93C only one of the joints separated. This occurred at a 30 percent load level. However, during water immersion (93C) all but 3 joints separated before the end of 715 hours. The smallest deformation at which separation occurred was about 0.8 percent.
The results in Figures 6-10 [1] . They attributed the beneficial effects of fluids to plasticization.
An inspection of the coupons revealed that the joints separated either due to delamination of the composite, due to separation along the interface, or due to a combination of both (Table 5) . Generally, delamination was the major cause of separation when the coupons were exposed to 23C and 93C humid air. At 23C delamination was also the cause of separation for coupons immersed in water and in 5% NaCI-water. At 93C the separation along the interface occurred first when the coupons were immersed in water and in 5 % NaCI-water. 
SUMMARY
The following general conclusions can be reached on the basis of the data generated in this program. 1. The moisture absorption characteristics of XMC-3 and SMC-R50 materials are nearly the same. 2. At 23C both bonded joints and the unbonded coupons asymptotically approached maximum saturation levels, the values of these levels being 0.18, 1.6, and 2.0 percent, respectively for air (50% r.h.), water, and 5% NaClwater.
3. At 93C the weight changes of both bonded joints and unbonded coupons increased and were followed by a decrease, indicating material degradation and subsequent material loss. 
